The capture-recapture method has been widely used in epidemiology to estimate absolute and relative population size. As a method used by different disciplines (demography, biology, etc) it has received many different names; multiple capture and mark-recapture in animal studies; multiple recapture and multiple record system in human applications. [1] Although these terms may be used interchangeably, we agree with Hook & Regal [2] who suggest the use of the term capture-recapture in epidemiological studies.
The capture-recapture methodology has been used to estimate the size of a variety of populations that for various reasons do not lend themselves to complete and direct enumeration, for example wildlife, [3] illicit drug users, [4] and homeless people. [5] The methodology has also been applied to estimate the prevalence of diabetes and congenital malformations and the degree of under ascertainment of different registries; cancer, [6] diabetes, [7] etc. In its original form, it involves capturing a sample of cases from the population of interest, marking them, releasing them, and then capturing a second sample in order to ascertain the intensity with which the first sample captured cases from the population. Thus the population size can be estimated. Subsequent developments to the method involve capturing multiple samples from the population and using modelling procedures to describe the pattern of overlap between them.
There are several assumptions regarding the underlying populations that must be met in applying capture-recapture methods, so as to ensure that the resulting prevalence estimates are valid. Much of the following glossary is concerned with terminology relating to multi-sample methods of capture-recapture as this is the more complex variation of the methodology.
In human applications the method is applied to lists of known individuals from the population of interest in order to estimate prevalence. To apply this method the data should be organised such that it is possible to identify the presence or absence of individuals in the different lists.
AKAIKE INFORMATION CRITERION (AIC)
See Information criteria.
ASSUMPTIONS
Several assumptions govern the application of capture-recapture: that the population is closed, that overlaps between samples can accurately be identified (indelible/unique identifiers); that samples are independent (although see multisample methods); that all members of the population have an equal chance of being captured (catchability); and that representative samples of the population can be obtained.
BAYESIAN INFORMATION CRITERION (BIC)
CAPTURE
The process of obtaining (or collecting) data in the form of lists of cases or individuals, referred to as samples or sources. The term reflects the original application of the capture-recapture method, where a sample of wildlife would be captured, marked, released, and followed by a second population capture at a later date. In epidemiology, a 'capture' is more likely to comprise a list of cases/individuals included on case registers.
CASE DEFINITION
In human applications it is important that the case definition for the population of interest is clearly defined and that all samples are representative of this population.
That is, that they are all sampling cases from the same population. This is related to the issues of capture probability and catchability.
CATCHABILITY
Is the probability of being included in a sample. The capture-recapture method assumes that all cases/individuals in the population being studied should have an equal probability of being captured in a sample. [2] This is also referred to as homogeneity of capture probability.
CLOSED POPULATION
Capture-recapture assumes a stable, closed (no entry to or exits from) population, (because those that enter or leave the population have a reduced probability of previous/subsequent appearance in a sample). This assumption is rarely fulfilled in human applications. [8] Analyses based on closed population models are usually restricted to a fixed, short time period, in the attempt to limit entry and exits from the population. This approach is based on the assumption that the population remains relatively stable during the chosen period. [9] 
COMBINATION OF SUBSAMPLES
This can be used as a strategy to overcome sample dependence.
CONFIDENCE INTERVAL
Most confidence intervals attached to estimates are symmetric, in that the difference between the lower bound and the point estimate is the same as the difference between the upper bound and the point estimate. This is not the case for capturerecapture estimates. Hook and Regal [10] describe a method for deriving appropriate confidence intervals for capture-recapture estimates, describing it as a goodness-offit based approach. Cormack [11] also describes a similar approach, which he describes as being based on the likelihood profile. See also simulated confidence intervals.
COVARIATES
Rather than stratifying samples and summing sub-strata estimates, individual-level covariates can be included in a capture-recapture analysis in order to address issues of capture probability.
DEPENDENCE
See Sample dependence.
DETERMINISTIC MATCHING
See "Hard" matching.
DIRECT DEPENDENCE
This is dependence caused by the selection process of episodes/individuals, such that an individual's presence on one list has a direct influence on whether or not they appear on another list. This should be avoided. See sample dependence and combination of sub samples.
DRAPER'S INFORMATION CRITERION
FALSE NEGATIVE MATCHING
This occurs when there is a failure to match individuals between the samples, resulting in an undercount of the overlapping cases (the opposite of false positive matching). This may occur due to use of partial data; for example if initials, date of birth and gender are used as unique identifiers, then William Brown would not be matched to Bill Brown, even though they are the same individual. False negative matches usually result in an overestimate.
FALSE POSITIVE MATCHING
If the tags used to match individuals between samples are not unique, then an individual in one sample may, falsely, be matched with a different individual in another, thus the apparent number of overlapping cases will be inflated. Again, this is more likely to occur when unique identifiers/tags are based on partial data. False positive matches usually result in an underestimate.
'HARD' MATCHING
Case matching using the strict criterion that only cases with identical unique identifiers/tags relate to the same individual.
HETEROGENEITY OF CAPTURE PROBABILITY
Heterogeneity occurs when there is an unequal probability of cases/individuals appearing in a sample. If all samples draw their cases from a particular sub-stratum within the population, then the estimate will relate to the size of that stratum, rather than the population as a whole. Alternatively, if each sample draws cases from a different stratum, then the probability of finding overlapping cases is reduced.
Sample dependence, catchability and heterogeneity/homogeneity of capture probability are interlinked concepts. Heterogeneous capture probability may be the underlying explanation for any observed dependence among sources. The capturerecapture methodology should therefore take into account both dependence among sources and heterogeneous catchability among the samples used. [12] See also homogeneity of capture probability.
HIDDEN POPULATION
The purpose of the capture-recapture methodology is to estimate the size of a population that is not open to direct enumeration. The population that does not appear in any of the samples used is often referred to as the hidden population. This is the unknown value for which capture-recapture sets out to obtain an estimate.
Capture-recapture can also be used to ascertain the fraction of a given population that has not been included in the usual disease registers, e.g. for congenital malformations. Again this fraction of the population, as it is difficult to enumerate, can be referred to as the hidden population.
HOMOGENEITY OF CAPTURE PROBABILITY
The probability of being 'captured' in a sample should be equal for all individuals within the relevant population. When the probability of capture is not equal across the whole population (heterogeneity), it can be useful to divide or stratify the sample into smaller homogeneous sub-populations or strata to reduce the effect of heterogeneity.
INDELIBLE IDENTIFIERS
It is necessary to identify individuals within the different samples and to match them between samples. Hence a permanent mark or identifier, unique to each individual 'captured' in the samples, must be available. [13] Issues of confidentiality should be addressed when utilising identifiers to measure overlap between human samples: some studies [14] have encrypted personal information, such that it can still be matched from one sample to another but cannot identify an individual.
INDEPENDENCE MODEL
A statistical model that assumes that all the samples used are independent of each other, therefore no interaction terms are required.
INDEPENDENT SAMPLES
The two-sample capture-recapture method is based on the assumption that presence in one sample does not affect presence in any of the other samples (see sample dependence). The notion of independence is related to the issues of homogeneity of capture probability and catchability. Multi-sample methods allow for dependence between samples and account for these in the final estimate.
INDIRECT DEPENDENCE
This is dependence whereby the characteristics or behaviour of individuals makes them more or less likely to appear on certain types of list.
INFORMATION CRITERIA
The Akaike Information Criterion, the Schwarz (or Bayesian) Information Criterion, and the Draper's Information Criterion are measures that assist model selection, and hence selection of the preferred estimate, in multi-sample capture-recapture. They take account of how well the statistical model fits the observed data and favour more parsimonious models. [8] 
INTERACTION TERMS
Represent the different dynamics of the samples, and any dependencies between the samples that could be accounted for in the multi-sample capture-recapture methodology. [12] Selection of interaction terms can control for dependence among samples. If k samples are used then the method can account for interactions between groups of k-1 of these samples. However, it is not possible to consider a simultaneous interaction between all k samples, because one case count (the number of cases/individuals not present in any sample) is effectively missing.
LOG LINEAR MODEL
Log linear models model count data so as to describe relationships between two or more categorical variables. In the context of capture-recapture, these variables are factors denoting presence or absence in a particular sample. Log linear modelling can be used to adjust for dependencies between multiple (more than two) samples, by introducing interaction terms among categorical variables. This in turn overcomes the need to meet the assumption that all samples are independent samples.
LOGIT MODELS
The use of logit models (a particular case of logistic regression) has been proposed [15] in order to analyse capture-recapture when only two sources are available. With these models covariates can be dealt with more easily, especially if they are continuous variables, thus providing an alternative approach to stratification in order to allow for heterogeneity of capture probability.
MARK
The ability to identify unique individuals who appear in more than one sample is one of the assumptions required by the capture-recapture methodology. The method originates within wildlife biology, where an animal would be marked after capture to allow identification if the same animal appeared in subsequent captures or samples.
In epidemiology, individuals usually have unique identifiers and these are used to identify sample overlaps. However confidentiality issues can play a role in defining identifiers. See also indelible identifiers and unique identifiers
MATCHING
Samples are matched on the basis of the mark or unique identifier to identify any cases/individuals that appear in more than one sample (or repeatedly in a given sample). Cases that appear in more than one sample comprise the overlap between samples.
MODEL AVERAGING
See weighted estimate.
MODEL SELECTION STRATEGY
An important issue when applying log linear methods in multi-sample capturerecapture is the selection of the 'best fitting' model from the many possible models produced by the analysis. The 'best' model is selected according to how well it fits the observed data and its simplicity -more parsimonious models are favoured over more complex ones due to the lower level of uncertainty associated with the former.
There are various methods to select the best model, different information criteria have been proposed. [8] Weighted estimates can also be a useful strategy in model selection.
MULTI-SAMPLE METHODS
This refers to situations where the capture-recapture method is applied to more than two samples. Although it is more complex to apply than the two-source analyses, this approach is more powerful and can account for dependence between samples.
MULTIWAY CONTINGENCY TABLES
Multiway tables are used to represent overlap between multiple (more than two) samples used in the capture-recapture methodology. These are, of course, incomplete because the number of individuals not present in any sample (hidden population) is not known.
NEGATIVE DEPENDENCE
There is negative dependence when individuals have a decreased probability of appearing in one sample if they appear in another one. For example, a person identified as receiving a positive diagnosis of a disease from one hospital may be less likely to have a second positive diagnosis from another health care provider (unless a second test was needed for confirmation purposes). This is also described as "trap avoidance". Negative dependence between samples will usually produce an overestimate of the real population size. 
NULL CELLS

OVERLAP
This refers to the appearance of a case/individual in more than one sample.
POISSON REGRESSION
Poisson regression can be applied in order to estimate prevalence based on multiple appearances of individuals in a single sample. Although not strictly capturerecapture, the method has also been used to estimate the size of elusive populations.
POSITIVE DEPENDENCE
This occurs when there is an increased probability of being captured in one sample after being caught in a previous one. It is also described as 'trap attraction'. Positive dependence between samples will usually produce an underestimate of the real population size.
PROBABILISTIC MATCHING
Matching of cases with similar, but non-identical, unique identifiers/tags, based on the likelihood that they relate to the same individual. It is also known as 'soft' matching.
RECORD LINKAGE
Method used to identify cases/individuals that appear in more than one sample.
REPRESENTATIVE SAMPLES
One of the five capture-recapture assumptions is that samples should be drawn from the same population and should be representative of that population. They should also draw cases from the same geographical area (see sample coverage).
SAMPLE
The information collated in a capture; a list of cases/individuals with some unifying characteristic. Samples can be 'original' (primary list of episodes/individuals) or 'analytical' (constructed by the investigator from one or more original sources). In human applications samples are usually drawn from different sources, although they can be drawn from the same source over different time periods. [16] 
SAMPLE COVERAGE
As far as possible, all of the samples used to construct a given estimate should take into account subjects from the entire geographical area of interest, as well as from the different range of covariates (age, gender, etc) considered in the case definition.
Unequal sample coverage among different sources may lead to biased overlaps and different forms of dependence between samples. Sample-coverage also has a specific meaning in relation to the prevalence estimation method proposed by Chao.
[17]
SAMPLE DEPENDENCE
If an individual's presence in one sample influences the probability of their presence in another the samples are said to be dependent. Dependence can work in two ways; positive dependence (trap attraction), and negative dependence (trap avoidance). Dependence can be generated by different processes: See direct dependence and indirect dependence. Multi-sample methods are designed to determine whether or not such dependencies exist and to take account of them in calculating an estimate.
SAMPLING ZEROS
See null cells.
SATURATED MODEL
A model that contains all possible interaction terms and hence has zero degrees of freedom. This is the opposite of the independence model.
SCHWARZ INFORMATION CRITERION
See Information Criteria
SIMULATED CONFIDENCE INTERVALS
Simulation techniques can be used to obtain confidence intervals for the sum of stratified estimates. Bootstrapping is used to generate a theoretical distribution for each sub-estimate, these distributions are then summed and the 2.5 th and 97.5 th percentile of the resulting distribution is used to give a 95% confidence interval for the sum of the sub-estimates. [14] SOFT MATCHING See probabilistic matching.
SOURCE
See sample.
STRATIFICATION
Samples can be stratified into smaller sub-samples, according to known characteristics such as age and gender, so as to better meet the assumption of homogeneity of capture probability.
TAG
See unique identifier.
TWO-SOURCE ANALYSES
This refers to situations where capture-recapture analysis is applied to two samples/sources/captures; it is the simplest form of capture-recapture. Although twosource analysis is more straightforward to apply than multiple-source analyses, it is limited by the independent samples assumption.
UNDERESTIMATE
Underestimation occurs when the figure obtained as a capture-recapture population estimate is lower than the actual unknown figure. Underestimates are usually obtained when there is positive dependence between samples.
UNIQUE IDENTIFIER
The method of identifying cases/individuals in more than one sample (the overlap) must be accurate; the unique identifier (or tag) allows matching of cases/individuals across multiple samples. In epidemiological studies it is sometimes necessary to link records using pseudo-unique identifiers, i.e. identifiers such as initials, date of birth and gender, for which there is a high probability that two individuals will not share the same details.
VENN DIAGRAM
This is an illustration that shows the relationship between the different samples used; this type of diagram can display the overlap between samples, and is an alternative way of presenting the multiway contingency table data.
WEIGHTED ESTIMATE
Sometimes it is difficult to decide which model is best, and estimates derived from the more plausible models may be very disparate. In such cases it is advisable to calculate a weighted estimate. This is produced by weighting each model estimate based on information criteria that describe how well each model fits the data. It is possible to combine the estimates from all of the models that are obtained in order to construct the weighted estimate, but it may be desirable to reduce the weighting associated with implausible estimates. One approach is to exclude all those estimates obtained from implausible models. [18] What this paper adds:
-An introduction to terms specific to capture-recapture application.
-A comprehensive description of terminology related to multi-sample methods of capture-recapture.
Policy implications:
-The glossary format does not lend itself to policy implications.
